Background and objectives: The present study was conducted to detect class 1 integrons and evaluate antibiotic susceptibility patterns among clinical isolates of P. aeruginosa.
enzymes including aminoglycoside phosphotransferases, acetyltransferases and nucleotidyl transferases (6) . The genes encoding for these enzymes are often located on plasmids or transposons, enabling their rapid dissemination in a wide variety of bacterial species (14) . The aadA2 gene encoding aminoglycoside adenyltransferase confers resistance to streptomycin and spectinomycin (15) , whilst aadB encoding aminoglycoside adenylyltransferase confers resistance to kanamycin, tobramycin and gentamicin (16) . Given the above, this study was conducted to evaluate antibiotic susceptibility patterns and presence of class 1 integrons and the aadB, aadA2 and sul1 gene cassetes among P. aeruginosa isolates.
INTRODUCTION
Pseudomonas aeruginosa is as a common nosocomial pathogen, which is naturally resistant to many antimicrobial agents. Several resistance mechanisms have been identified in this pathogen, including acquisition of resistance-encoding genes through mobile genetic elements (1, 2) . These elements include integrons capable of integrating and mobilizing gene cassettes, most of which contain resistance-encoding genes. To date, nine classes of integrons have been recognized among which, class 1 integrons are the most prevalent among P. aeruginosa. Class 1 integrons located in plasmids and transposons are of particular importance since they can undergo horizontal transfer and contribute to rapid dissemination of antibiotic resistance genes among bacterial isolates (3) . Integrons may play a major role in the dissemination of multidrug resistance (MDR) genes in Gram-negative bacteria (4). The class 1 integron usually consists two conserved segments (CS) flanking the antibioticresistance gene cassette(s). The 5'-CS contains the intI1 gene, an attI recombination site, and a strong promoter (5) . The intI gene encodes integrase, which inserts gene cassettes at the attI site (6) . The 3'-CS normally carries the antiseptic-resistance gene qacED1 and the sulfonamide-resistance gene sul. On the other hand, the gene cassette is a small, mobile genetic element consisting of a single gene and a recombination site called the 59-base element (5, 7). More than 60 gene cassettes containing different resistance genes have been identified in Gram-negative bacilli (8) , conferring resistance to different families of antibiotics such as aminoglycosides, β-lactams, chloramphenicol, trimethoprim and more recently to erythromycin (9) and rifampicin (10) . Resistance to various antibiotics is common among P. aeruginosa isolates in many parts of the world, including Iran (11) (12) (13) (Table 1) . Four µL of PCR products were electrophoresed on 2% agarose gel in a TAE buffer at 45V. After ethidium bromide staining for 15 min, the results were visualized and photographed using a gel documentation system. DNA molecular weight marker (300 bp -10000 bp) was used as the standard (mi-E8201 Metabion, Planegg/Martinsried, Germany).
acid, clindamycin and chloramphenicol. The most effective antimicrobial agent against P. aeruginosa was tetracycline ( Table 2 ). The class 1 integrons was found in 19 (90.5%) P. aeruginosa isolates. The sul1, aadA2 and aadB genes were detected in 19 (90.5%), 10 (47.6%) and 4 (19%) P. aeruginos isolates, respectively. The aadA2 gene was present in 10 (52.6%) integron-positive P. aeruginosa strains but absent in integron-negative strains. Moreover, the aadB gene was present in 4 (21%) integron-positive P. aeruginosa strains but absent in integron-negative strains.
Tehran, Iran). The plates were incubated at 37 °C for 24 hours. Diameter of inhibition zone was measured based on the the CLSI guidelines. P. aeruginosa ATCC 27853 was used as the quality control strain. DNA was extracted using a DNA isolation kit (MBST, Iran) according to the manufacturer's instructions. A single colony of each isolate was inoculated into 10 mL of Luria-Bertani broth (Merck, Germany). After 18 hours, two mL of each sample was used for DNA extraction using a commercial kit. Briefly, the samples were lysed in 180 μl lysis buffer, and proteins were degraded with 20 μl proteinase K at 55 o C for 10 min. After adding 360 μl of binding buffer, each sample was incubated at 70 °C for 10 min. Then, 270 μl of ethanol (96%) were added and the solution was vortexed. The content of tubes was transferred to a MBST-column. The MBST-column was centrifuged and washed twice with 500 μl of washing buffer. DNA was eluted from the carrier using 100 μl of elution buffer. After removing the DNA, the samples were stored at -20 °C until PCR analysis. All PCR reactions were carried out using a 25 µL reaction solution containing 18.5 µL of water, 2 µL of a 10X reaction buffer, 0.3µL of
RESULTS
Gram-negative, catalase-positive and oxidase-positive bacilli able to grow at 42 °C were identified as P. aeruginosa strains. Overall, 21 P. aeruginosa strains were identified among different samples. The strains were able to produce acid from glucose and were positive in the urea test, gelatin hydrolysis test, citrate test, nitrate reduction. The strains were found negative in the indole production, methyl red and Voges-Proskauer tests (17) . All P. aeruginosa isolates were 100% resistant to ampicillin, cefixime, cephalothin, nalidixic However, the frequency of class 1 integrons was very low (4.5%) in a multicenter study in Turkey (34) . The frequency of intI1 in our study was similar
DISCUSSION
In this study, we evaluated antibiotic susceptibility pattern and presence of class 1 integrons along with associated gene cassetes in P. aeruginosa isolates. The results showed that all isolates were MDR. Multiple antibiotic resistance is defined as resistance to more than three antibiotics from different classes (22) . The MDR rate in our study was higher than that in previous studies in Iran. (24) . PCR detection of the integrase gene has some advantages over the PCR aminoglycoside adenyltransferase-encoding genes that confer resistance to streptomycin and spectinomycin (3) . In a study carried out in northwest of Iran, the aad and aac were the most common genes found in the cassettes, which are associated with resistance to aminoglycosides (26) . In this study, the aadA2 and aadB genes were present only in the integron-positive strains of P. aeruginosa. In addition, all P. aeruginosa strains with the aadA2 and aadB genes were completely resistant to streptomycin and gentamicin. However, strains without these genes showed high level of resistance to streptomycin and gentamicin. Resistance gene cassettes found in the class 1 integrons cannot cover all resistance phenotypes in this pathogen, indicating the existence of other resistance mechanisms. Several other resistance mechanisms have been reported in P. aeruginosa, such as multidrug efflux systems and other gene cassettes (35, 44) . However, such mechanisms were not investigated in the present study.
CONCLUSION
Our results confirm the high prevalence of class 1 integrons and their important role in the dissemination of antimicrobial resistance genes among P. aeruginosa isolates. The high rate of antimicrobial resistance among P. aeruginosa isolates highlights the need for urgent reconsideration of antibiotics use at clinical settings. Therefore, it is important to perform antibiotic surveillance programs for appropriate empirical therapy and infection control practices. In addition, monitoring of drug resistance using gene integrase PCR is crucial for infection control planning against multidrug resistance P. aeruginosa in hospitals. Nevertheless, further studies should be performed on the prevalence of integrons in other parts of the country.
to that of two other studies (35, 36) . The sul1 gene that codes for sulfamethoxazole resistance is located on the 3'conserved segment of the integron. This gene was detected in all integron-positive P. aeruginosa strains. In line with findings of previous studies, our results indicated that sul1 is strongly linked to integrons (37) . The results also showed a significant association between integrons and resistance to streptomycin, ciprofloxacin, norfloxacin and trimethoprim-sulfamethoxazole. The significant correlation between the presence of integrons and antibiotic resistance among the MDR P. aeruginosa isolates suggests that integrons might be responsible for the distribution of antibiotic resistance genes among MDR strains. Studies conducted in China and Spain reported a significant association between resistance genes and resistant to some antibiotics such as aminoglycosides, beta-lactams and quinolons (3, 38) . In another study conducted in Iran, a significant correlation was found between the presence of integrons and resistance against ceftazidime, piperacillin and ciprofloxacin in P. aeruginosa isolates (39) . Aminoglycosides are highly potent, broadspectrum antibiotics with favorable properties for the treatment of life-threatening infections. The emergence of resistant strains has somewhat limited the potential of aminoglycosides in empiric therapies (40) . One of the most common resistance mechanisms against aminoglycosides is the production of aminoglycoside-modifying enzymes, such as aminoglycoside acetyltransferases, aminoglycoside phosphorylases and aminoglycoside adenyltransferases (41) . In this study, two aminoglycoside resistance genes were investigated; the aadA2 gene encoding an aminoglycoside adenyltransferase, which confers resistance to streptomycin and spectinomycin (42) and the aadB gene encoding an aminoglycoside adenylyltransferase, which confers resistance to gentamicin, kanamycin and tobramycin (43) . In a study conducted in China, several aminoglycoside resistance genes including aadA1, aadA2, aadA5, aadA6, aadB and accA4 within the integron structures were detected among A. baumannii and P. aeruginosa strains. The most frequently detected resistance genes (aadA family) were 40/ Dissemination of Class. . . .
